tors (interleukin 1, interleukin 6, and tumor necrosis factor) and complement activation stimulate LEC proliferation [4] . An inflammatory response may be exacerbated by the presence of the IOL, a foreign material.
With the recognition of the role of the LECs in PCO, many techniques have been developed that are directed at removing residual cells during cataract surgery. These include simple aspiration, capsule polishing, cryocoagulation, ultrasound aspiration, and osmolysis [5] . The fact that none of these techniques has been utilized as a routine surgical procedure reflects the difficulty of completely removing all LECs.
The hydroimplantation technique for inserting a foldable IOL without viscoelastic was first described by Tak [6] . In this method, only the irrigation cannula from the side port is used to form the capsular bag and anterior chamber to allow for implantation of the IOL; viscoelastic is not required. In this study, we investigated the rate of neodymium-doped yttrium aluminum garnet (Nd:YAG) laser used to treat PCO in the hydroimplantation IOL technique.
Materials and Methods
Patients with uneventful cataract surgeries and no postoperative complications who underwent surgery at Kırıkkale University Medical Faculty Department of Ophthalmology, Kırıkkale, Turkey, were included in this retrospective observational clinical study. The study was approved by the institutional review board at our institution (2018-11-04) and was conducted in accordance with the Declaration of Helsinki. The written informed consent was waived because this study is retrospective.
All patient files were retrospectively reviewed. Patients who underwent surgery from January 2013 to September 2017 and were followed up for at least one year were included in the study. Exclusion criteria were complicated intraoperative cases with posterior capsular rupture, eyes with ocular preoperative associated inflammatory pathology (uveitis) or trauma, and complicated postoperative cases with endophthalmitis or inflammation of a different etiology.
All surgeries were performed under topical anesthesia by two surgeons (OT and ÖK) with ultrasound technology (Pentasys 2, Germany). The eyes of the patients were divided into two groups: the viscoimplantation and hydroimplantation groups. In both groups, a two-sided port and a main temporal incision were used in all eyes. Following the injection of viscoelastic in both groups, continuous curvilinear capsulorhexis, hydrodissection, phacoemulsification of the nucleus, and cortex aspiration were performed. The anterior and posterior lens capsule was mechanically polished as a standard technique. In the hydroimplantation group, no viscoelastic was injected into the eye. The IOL was then loaded onto a cartridge with a predetermined amount of balanced salt solution. Next, the irrigation cannula was introduced into the anterior chamber through a left side of the port with irrigation. After the tip of the cartridge was inserted into the main port in the direction of the capsular bag, the IOL was slowly introduced. The aspiration cannula was placed through the other side port, and then the optic and haptic were introduced into the capsular bag by pressing lightly on the bimanual cannula. In the viscoimplantation group, the capsular bag was expanded with an assigned viscoelastic agent, and the foldable acrylic IOL was implanted into the capsular bag. The viscoelastic material was aspirated completely from the anterior chamber, the capsule fornix, and the retrolental space through bimanual irrigation/aspiration using what is called the two-compartment technique. Finally, in both groups, all corneal incisions were hydrated. Each patient received a posterior chamber IOL that was either spherical or aspheric and either hydrophilic or hydrophobic.
All patients experienced the same postoperative treatment: non-steroid anti-inflammatory drugs and an antibiotic and steroid combination five times a day for 2 weeks followed by steroid and non-steroid anti-inf lammatory drug drops four times a day for another 2 weeks.
The follow-up examinations were scheduled on the 1st day, 4th day, 1st month, and between the 3rd month up to 1 year postoperatively depending on the patient's ocular status. Further examinations (at every 3, 6, or 12 months) up to after more than 3 years of follow-up were scheduled based upon the ocular features or due to the physician's requests or the patients' visual complaints/demands.
The best-corrected visual acuity (BCVA) was assessed along with a biomicroscopic examination at each subsequent visit; tonometry was also performed. The PCO was evaluated subjectively with the retro-illumination of a slit lamp. PCO was considered when Elschnig' pearls or fibrosis were noted on the posterior capsule and corresponded to the capsulorhexis opening.
Nd:YAG laser treatment was performed when the BCVA decreased by at least 20% due to PCO occurrence. The Nd:YAG rates were evaluated for the different IOL implantation techniques and IOL materials included in the present study. Statistical analysis was performed using the SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA). Pearson chi-squared tests were applied to compare the rates for hydrophilic/hydrophobic and spherical/aspheric IOLs. Statistical significance was considered when p < 0.05.
Results
We enrolled 6,192 eyes of 3,790 patients in this study. The participants included 1,893 female (mean age, 71.49 ± 10.37 years) and 1,897 male (mean age, 68.56 ± 10.31 years). The difference between the two groups was not statistically significant in terms of age or sex (p > 0.05). The mean follow-up duration of the patients in the viscoimplantation and hydroimplantation groups were 14.85 ± 2.43 and 15.05 ± 1.93 months, respectively. The demographic characteristics of the patients are shown in Table 1 .
The type of PCO was 43.9% Elschnig's pearls and 55.1% f ibrosis in the hydroimplantation group and 53.8% Elschnig's pearls and 46.2% fibrosis in the viscoimplantation group. There was no statistically significant difference between the two groups in terms of PCO type (p = 0.115). Pre-and post-capsulotomy BCVA values were 0.485 ± 0.255 and 0.943 ± 0.943 in the hydroimplantation group and 0.416 ± 0.315 and 0.916 ± 0.335 in the viscoimplantation group, respectively. Overall, 95% of the eyes were implanted with hydrophilic IOLs. The Nd:YAG capsulotomy rates were significantly lower in eyes implanted with hydrophobic IOLs than in those that received hydrophilic IOLs ( p < 0.001). Table 2 shows the number of eyes included in each of the two groups according to IOL model. In addition, the Nd:YAG capsulotomy rate was significantly lower in the hydroimplantation group when compared with the viscoimplantation group for the entire hydrophilic IOL model ( p < 0.001). The Nd:YAG rate was also lower in the hydroimplantation group with hydrophilic IOLs than it was in the viscoimplantation group with hydrophobic IOLs ( p < 0.001). Fig. 1 shows the Nd:YAG rates for all IOL types and models.
Discussion
The results of the present study demonstrate a low Nd:YAG capsulotomy rate in patients who underwent phacoemulsification and hydroimplantation using the IOL technique. Our results confirmed the previous results of studies [7, 8] that reported lower incidence proportions of the Nd:YAG capsulotomy rate for hydrophobic acrylic IOLs than for hydrophilic acrylic IOLs.
The main reason for the development of PCO is a combination of the processes of proliferation, migration, and transdifferentiation of residual LECs on the lens capsule, which commonly occurs after cataract surgery [9] . There are two morphological types of PCO: the fibrosis type and the pearl type. The pathogenesis of the fibrosis type is the proliferation and migration of LECs, which undergo an epithelial-to-mesenchymal transition. Pearl-type PCO is caused by subcapsular LECs located at the lens bow, which cause regeneration of crystallin-expressing lenticular fibers and form Elschnig pearls.
Complete lens extractions should include the removal of residual LECs, but sometimes this ideal may not be possible. Even small amounts of residual LECs may lead to PCO development; therefore, complete removal of the LECs is essential [10] . Previous studies have also shown that phacoemulsification and cortical irrigation and aspiration lead to less residual concentrations of LECs on the inner surfaces of the capsules than extracapsular cataract extraction [11] . Nishi and Nishi [12] repor ted that phacoemulsification significantly reduced the need for laser capsulotomy when compared to extracapsular cataract extraction (10.8% vs. 3.7%, respectively). In addition, the continuous curvilinear capsulorhexis used in phacoemulsification reduces the amount of capsular space available for the proliferation and migration of any residual LECs [13] .
The definitive solution intended to prevent PCO is to remove all epithelial cells from the capsular bag. Therefore, the intraoperative removal of the LECs from the capsular bag is becoming increasingly important in cataract surgery. Several prior studies have investigated the rates of formation of PCO using various surgical techniques, including hydrodissection combined with rotation, cortical cleaving hydrodissection, in-the-bag IOL fixation, anterior capsule overlap of the IOL optic, and polishing (scraping) the anterior capsule [14] [15] [16] [17] [18] . In other words, many methods have been tried to prevent the formation of PCO which often causes a second process. The hydroimplantation may be an alternative method for this purpose.
The hydroimplantation technique is an improved method for avoiding negative conditions associated with viscoelastic material, such as postoperative inflammation and intraocular pressure elevation [6] . Several studies have reported its safety using the mean of postoperative endothelial cell density [19, 20] .
In this study, we found that the hydroimplantation technique has the lowest rate of PCO development out of all the different hydrophilic IOL models. Moreover, the Nd:YAG capsulotomy rate was lower in the hydroimplantation group that used a hydrophilic IOL than it was in the viscoimplantation group, which used a hydrophobic IOL. In this technique, the irrigation fluid is forced between the IOL and the posterior capsule, which creates a jet flow and allows for the removal of LECs. Additionally, the rotational movement created within the bag to position contributes to the removal of LECs because these movements act directly on the surface of the posterior capsule without the involvement of viscoelastic. Another advantage of the hydroimplantation technique is that it makes it easier for the IOL to adhere to the capsule (particularly the hydrophobic material) due to minimal remaining viscoelastic between the IOL and the posterior capsule. The adhesion between the IOL and the posterior capsule may reduce the possibility of PCO by preventing the migration of epithelial cells at the equator of the center of the capsule. However, it may not be possible to remove all viscoelastic material that remains behind the IOL, which could leave some LECs behind in patients where the viscoimplantation technique is used for cataract surgery.
The limitations of our study were that the patients' follow-up interval was less than three years, and the amount and grade of posterior capsule opacification could not be evaluated exactly.
In conclusion, this retrospective study revealed that the hydroimplantation technique may reduce Nd:YAG capsulotomy rates for hydrophilic IOLs, since there was no significant difference in PCO development in hydrophobic IOLs. Long-term prospective studies on this issue will strengthen the findings of this study.
